Introduction
Clenbuterol, a phenethanolamine b 2 -adrenergic agonist, is illegally used as a growth promoter to increase muscle mass and decrease fat accumulation (1, 2) . The consumption of contaminated edible tissues caused many food poisoning events around the world. Therefore, the use of clenbuterol in anabolic dosages has been banned by governments including the Europe Union (EU) (3) . However, clenbuterol is still used in farm animals, especially in swine and beef cattle (4) . According to the provision of CODEX and FDA (5), the maximum residue limits (MRLs) of clenbuterol are 0.6 pg/mg in liver and kidney and 0.2 pg/mg in muscle and fat. In living organisms, urine and plasma are effective in estimating clenbuterol in the early withdrawal period. However, during the later withdrawal period, a negative result for clenbuterol in urine does not mean that the concentrations in edible tissues are lower than the MRLs (6) (7) (8) . Therefore, it is necessary to select an appropriate matrix for the determination of clenbuterol (9) . Several studies have shown that clenbuterol binds easily to melanin (10 -12) , indicating that ocular tissues and hair may be favorable target tissues for controlling the use of clenbuterol. While compared with ocular tissues, hair is easily available in livestock, and thus has potential for use as a matrix for the determination of clenbuterol (13 -15) . Because of this, recently several analytical methods for the accurate determination of CL residues in the hair have been further developed (16) (17) (18) (19) (20) .
Melanin, which is reflected in hair color, plays an important role in the accumulation of clenbuterol. Although many studies have proved that clenbuterol is significantly accumulated in the hair of cattle, most of these studies focused on black hair (21, 22) . Few experiments have been performed to demonstrate the potential of clenbuterol accumulation in red hair. The aim of this study was to evaluate the concentrations of clenbuterol residues in the red hair of Chinese Simmental beef cattle during and after exposure to two doses of clenbuterol.
Materials and methods

Chemicals and apparatus
Clenbuterol hydrochloride (CL) was supplied by Linen Technology Co. Ltd. (Beijing, China), with a purity of 96.5%. The CL standard and D 9 -CL internal standard (I.S.) were purchased from Sigma-Aldrich (Germany). Solid-phase extraction (SPE) columns (Oasis MCX 60 mg, 3 mL), with hybrid cationic exchange reversed-phase sorbents were purchased from the Waters Corp., USA. Methanol, formic acid and acetonitrile were of chromatographic grade, and all other chemicals were of analytical grade.
Animals and sampling procedure
Experimental animals and preparation of animal feed The experiments were conducted in six male red pied Chinese Simmental beef cattle with a body mass of 220 + 20 kg, which were randomly divided into two groups (Groups 1 and 2). The animals were kept in separate pens for tie-down feeding. All medicated meal was prepared by stepwise dilution, and divided into 21 parts. The initial weight of the animals in the treated groups was used to calculate the CL concentrations required for the feed. Groups 1 and 2 were administered oral CL at 16 and 48 mg/kg BW/day, respectively. CL (2.09 g) was dissolved in 500 g of a mixture of crushed bran and corn, and diluted with 100 kg of commercially concentrated cattle feed (23) . Thorough mixing was carried out to obtain 20 mg of CL per kg of concentrated feed. Each animal was fed 200-500 g of medicated meal before feeding total mixed ration (TMR) for 21 days, and unmedicated meal was substituted for the medicated meal during the withdrawal period.
Sampling procedure Hair samples were collected before treatment and were used as blank samples. On Days 7, 14 and 21 of clenbuterol treatment and on Days 0, 14, 28, 42 and 70 after exposure, 2 -3 g of hair was cut from an cervical unshaved site of the cattle scalp (n ¼ 3). All samples were sealed with ziplock bags and stored at 48C for subsequent analysis.
Preparation and extraction procedure of hair samples
Preparation of hair samples Hair sample prepared as described by Su et al. (24) . Hair samples were pre-washed and soaked in 0.1 mol/L of sodium dodecyl sulfate aqueous (SDS) for 30 min for ultrasound irradiation. The hair was dried at 408C overnight after thoroughly washing with distilled water. The dried hair samples were cut into pieces less than 2 cm and pulverized using a ball mill (MM400, Retsch Corp., USA). Specimens were kept in a 50 mL grinding jar with a 25 mm steel ball, and were cooled in liquid nitrogen for 30 s. The grinding jar was then shaken at a frequency of 28 Hz for 30 -60 s. The obtained hair powder was dried at room temperature overnight and stored at 48C in closed plastic containers until subsequent analysis (25) .
Extraction procedure
Hair samples and blanks were spiked with the D 9 -CL I.S. at 50 ng/mL. The blank hair spiked with CL standards at 0.5, 1.0, 2.5, 10.0, 20.0 and 50.0 pg/mg was used for evaluating recovery percentage of the method. About 500 mg of hair samples was transferred to a 50 mL centrifuge tube, and 25 mL of 0.1 mol/L HCl were added and thoroughly mixed. The specimens were placed in water at 608C for 24 h, and homogenized vigorously every 4 h (26). The supernatant was collected after centrifugation at 8000 rpm for 10 min at 48C. The SPE columns were first rinsed with 3 mL methanol, followed by 3 mL of 0.1% formic acid and then 3 mL supernatant was added. The columns were washed with 3 mL of 0.1% formic acid and 3 mL of methanol successively, and the samples were eluted with 3 mL of 5% ammonium methanol. The eluate was dried by nitrogen flush at 608C, and the residues were reconstituted with a mixture of 0.1% formic acid and acetonitrile (9:1 by volume). CL standards were prepared by diluting the substance in above-mentioned mixture of formic acid and acetonitrile to 0.5, 1.0, 2.5, 10.0, 20.0 and 50.0 ng/mL, which were mixed with 50 ppb of D 9 -CL I.S.
Analysis of clenbuterol
The UPLC parameters were as follows: analytical column: acquity UPLC BEH C18, 50 Â 2.1 mm, 1.7 mm particles (Waters); chromatographic run: flow 300 mL/min; eluent A: 0.1% formic acid in water; eluent B: acetonitrile; a gradient elution program was employed: 0 min, 10% A, 0.5 min, 10% A, 4.0 min, 90% A, 4.5 min, 10% A and 6 min, 10% A; injection volume: 5 mL; column temperature: 408C.
The mass spectrometry parameters were as follows: a Xevo TQ-S triple quadrupole mass spectrometer (Waters) was used for all determinations. Positive electrospray ionization (ESIþ) was applied and capillary voltage was set at 4.5 kV with a cone voltage of 30 V. The ion source and desolvation temperatures were 1208C and 5008C, respectively. The MS was operated in multiple reaction monitoring (MRM) mode and one precursor (m/z 277.0) and two product diagnostic ions (m/z 203.0 and m/z 168.1) for CL and one precursor (m/z 286.2) and a product diagnostic ion (m/z 204.0) for D 9 -CL I.S. at a collision energy setting of 6 eV.
Statistics
Data analysis was performed using the SAS software Release 8.01 (SAS Institute, 2000) and the GLM procedure. The residual data were transformed to the SQRT (residues) for normalization. The box plot employed was designed using Excel (Microsoft Office, 2011). Statistical significance was set at the level of P ¼ 0.05.
Results
Validation of LC -MS-MS
Single-ion chromatograms (m/z) of clenbuterol and D9-Clenbuterol are shown in Figures 1 and 2 . The results of LC -MS-MS expressed as inter-/intra-day variation and recovery of hair samples (n ¼ 8) are presented in Table I . The estimated limit of detection (LOD) and the limit of quantitation (LOQ) were calculated from 3-and 10-fold standard deviation plus the average value of blank hair (n ¼ 10), and for the matrices and methods were 0.32 and 0.36 pg/mg, respectively. Validation of LC-MS-MS for hair resulted in mean recoveries ranging from 88.6 to 116.9%, with inter-day and intra-day relative standard deviation ranging from 1.0 to 8.3 and 3.6 to 8.0%. The obtained data proved the efficiency of the preparation methods and the subsequent determination methods.
Hair clenbuterol concentration during treatment
The mean CL concentration in hair on Days 7, 14 and 21 during treatment in the two groups (n ¼ 3) is shown in Figure 3 . After treatment (Day 7), the CL content in Groups 1 and 2 was 0.98 + 0.56 and 6.34 + 3.21 pg/mg, respectively, which significantly exceeded the LOQ (P , 0.05). The CL residues gradually increased with treatment time. The CL concentration in the high-dose group was significantly higher (P , 0.05) than that in low-dose group at all time periods, and the residues in Group 2 on Day 21 were more than 3-fold those in Group 1.
Hair clenbuterol concentration after withdrawal
The mean CL concentration in hair on Days 0, 14, 28, 42 and 70 after discontinuation of CL in the two groups (n ¼ 3) is shown in Figure 4 . The mean CL concentrations in cattle hair treated with the low dose and high dose of CL on withdrawal day 0 (6 -8 h after the last treatment) were 13 
Discussion
Previous studies have demonstrated that b 2 -adrenergic agonists, especially CL, were significantly accumulated in animal hair (9, 22, 25, 27) . Although urine and plasma are the most commonly used matrices for determination of b 2 -adrenergic agonists, hair has many advantages for monitoring anabolic abuse (22) . It is notable that the concentration of CL in hair increased throughout the study period (21 days) in the present study. The CL concentration in hair in both treatment groups was significantly higher than that in blank hair samples from the 7th day of treatment with CL. These results indicate that CL will accumulate in red hair even at the very low dose of 16 mg/kg BW/day. This dose is just high enough to have anabolic effects on meat producing animals. The hair CL concentration in the high-dose group was significantly higher than that in the low-dose group, the maximum CL residues in the high-dose group were more than 5-fold the maximum in the low-dose group. This proves that CL has considerable binding capacity in hair.
In the present study, the concentration of CL in red hair continued to increase in the early days after treatment discontinuation. The residues peaked at Day 14 during the withdrawal period, which was followed by a small decrease in the high-dose group. This was probably due to the time gap between the incorporation of CL in the follicle and release of the corresponding hair at the skin surface (28) . Gaillard et al. (21) also demonstrated that most CL residues were found on Days 26 -36 after CL treatment. In the present study, CL concentration peaked on Day 70 after the last treatment in the low-dose group. This might be caused by the slower hair growth rate in winter (29) . It is well known that CL bonds easily to melanin (10, 25) , and Cristinoa et al. (30) also studied that much lower concentration was in brown or blond hair than in black hair. Much lower residues were found in the hair samples (maximum at 129.12 pg/mg) from cattle in this study compared with other studies. The lower treatment dose and a lack of melanin, which was reflected by the red hair color in this study, may explain the low residues of CL. The accumulation of CL in hair is also influenced by a number of other factors, involving not only the animal's anatomy and physiology, but also seasonal fluctuations in climate.
Hair has been extensively studied due to its potential in veterinary drug monitoring in livestock production. However, hair varies from animal to animal, thus, monitoring drug concentrations in hair is complex (14) . The 'multiple pool' model for drug incorporation in hair proposed by Henderson (12) suggested several possible methods for drug accumulation in hair. Besides diffusion from the bloodstream (endogenous pathway), CL in hair could also be accumulated from sweat, sebum glands and external contamination (exogenous pathway). The study of CL accumulation in hair in cattle performed by Du¨rsch et al. (11) demonstrated that a higher concentration of CL was accumulated in new hair than in old hair. This indicated that the endogenous pathway was probably the main method of CL accumulation in hair.
Conclusion
The results of the present study indicated that the red hair of Chinese Simmental beef cattle had high potential for accumulation of clenbuterol residues. Hair as a target matrix, even nonpigmented hair, can be used to monitor clenbuterol abuse over a long period. 
